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Anatomical and biomechanical analysis of sacral pedicle
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【Abstract】Objective:   To study the anatomical and
biomechanical features of sacral pedicle and lateral mass so
as to provide reference for clinical screw fixation technol-
ogy of sacral pedicle and lateral mass.
Methods:    A total of 60 adult patients’ spiral CT images
of the sacrum and coccyx were selected randomly. The  en-
try points of sacral pedicle and lateral mass screws were
determined, and the screw trajectory was measured using
the three dimensional reconstruction method. Meanwhile,
the gross anatomy was scrutinized in 15 adult cadaver speci-
mens to determine the sacral pedicle and lateral mass screw
entry points. The length, width and angle of sacral pedicle
and lateral mass screw trajectory were measured. Eight of 15
cadaver specimens were selected to test the maximal extrac-
tion force of sacral pedicle and lateral mass screws. The
clinical data of 15 cases treated by pedicle and lateral mass
screw technology were collected and analyzed.
Results:    The diameter and length of S1-S5 sacral pedicle
and lateral mass screw trajectory were regular, with about
20° inclination angle. The S1 pedicle screw entry point was
located at the intersection point of the basal lateral part of
articular process and median line of transverse process, and
no significant difference was found for the maximal extraction
force between pedicle and lateral mass screws (P>0.05). The
entry points of S2-S5 pedicle screws were located at the
intersection point of the line connecting adjacent posterior
sacral foramina and median line of the transverse process.
The lateral mass screw entry point of S2-S5 was on the me-
dian side of intersection point between median line of the
transverse process and lateral sacral crest. The maximal ex-
traction force of pedicle screws was significantly greater
than that of  lateral mass screws (P<0.05).
Conclusion:    Both the sacral pedicle and the lateral
mass screw fixation techniques can offer effective fixation
and reconstruction for fracture of the sacrum and coccyx,
but pedicle screw fixation may be more convenient, safe
and reliable than lateral mass screw fixation.
Key words:    Sacrum; Coccyx; Biomechanics;
Anatomy; Orthopedics
Incidences of sacral and coccygeal fracture and tu-mor have been rising recently. Due to absence oftransverse processes and pedicles in the sacrum,
this study defines the transition zone between sacral
transverse processes and vertebral body as pedicle,
and the fusion part (including ala sacrum) of distal-end
transverse processes and sacroiliac joint surfaces as
lateral mass. Current researches on sacrum and coc-
cyx focus mainly on pedicle screw technique of S1 and
S2, whereas sacral vertebrae below S2 is seldom
reported.1 Sacral pedicle screw f ixation is not
popularized. This study, by investigating the anatomy
and related biomechanical feature of the sacral pedicle
and lateral mass, aimed at providing evidence for inter-
nal fixation and reconstruction of sacral fractures.
METHODS
General data
Spiral CT images of the sacrum and coccyx from
60 adults were selected randomly, who received medi-
cal care in our hospital between May 2004 and Decem-
ber 2009. Meanwhile 15 adult cadaver specimens, with
the storage time less than 12 months and obtained
from the Dissection Lab at Second Military Medical
University, Shanghai, China, were dissected to mea-
sure the length and angle of the pedicle and lateral mass,
including 1 case of lumbar sacralization, 1 case of os-
sification of the 5th sacral vertebrae and 1 case of bone
Chinese Journal of Traumatology 2011; 14(1):29-35. 30 .
fracture. Biomechanical parameters of pedicle and lat-
eral mass screws were measured in 8 specimens out
of the 15 cadavers. The general data of each group are
given in Table 1.
Methods
Spiral CT, made in 2003 by USA producer GE, and
DW2.4 3D imaging technique were used to reconstruct
CT 3D image of the sacrum and coccyx for measuring
the sacral pedicle and lateral mass screw trajectory.
Sagittal image was vertically cut at selective plane angle,
adjusted to a desired position to ensure screw entry
point at intersection of pedicle axial screw trajectory
and dorsal cortex of the sacrum (Figures 1, 2, 3). Then
the penetration length and angle of bilateral pedicles
and lateral mass screw trajectory and the width of
pedicle were measured. The minimum distance be-
tween dorsal sacral foramens vertically measured on
retroposition image was taken as reference value for pedicle
width. The thickness and length of the coccyx were mea-
sured at sagittal plane.
Cadaver specimens were vertically cut along the
sacral axial plane. All parameters were automatically
measured using sliding calipers (Shanghai Measuring
Apparatus Company, China) accurate to 0.1 mm and a
goniometer (Shanghai Measuring Apparatus Company,
China) accurate to 0.1°. The entry point of pedicle screw
insertion was determined at the intersection of pedicle
screw axial trajectory and dorsal cortex of the sacrum.
Then the penetration length and angle of bilateral
pedicles and lateral mass screw trajectory and the width
of pedicle were measured. The minimum distance be-
tween dorsal sacral foramens vertically measured on
retroposition image was taken as reference value for
pedicle width. The thickness and length of coccyx were
measured at median sagittal plane.
Eight of 15 cadaver specimens were selected for
biomechanical measurement. Just as the anchor-point
technique in this study, the  inclination angle of pedicle
camber and lateral mass were 20°. Posterior and op-
posite sacral cortices were perforated by a gimlet with
the hole diameter of 2.5 mm. Cancellous bone screw,
produced by Shanghai Puwei Medical Device Factory,
China, 3.5 mm in diameter, was placed to penetrate
into the opposite cortex (<2 mm in depth). S2-3 lateral
masses were too deep to make the screw through the
opposite cortex. Pedicle and lateral mass screws were
placed respectively on the right and left into the same
vertebra. Pedicle screw alone was used in S5. Screws
were inserted at the midpoint of Co1and Co2 before bio-
mechanical measurement. Experimental specimens
and the holder were fixed onto a mechanical testing
machine (INSTRON-5569, USA). Operated at a speed
of 10 mm/min, the specially designed holder had three
bolts for counteracting dorsal roughness and inclined
plate, loading burden and securing concordance of
screw axis and extraction force line. The peak stress
force of screw was measured as final results when the
screw was pulled out (Figure 4).
Statistical analysis was taken by Student’s t or u and
ratioχ2 tests with SPSS version 13.0 software. Statis-
tical significance was determined at P<0.05.
RESULTS
Position of the entry point of pedicle and lateral
mass screws and the angle of screw insertion
S1 pedicle screw entry point was determined at the
intersection of lateral border of S1 superior articular pro-
cess and the line connecting superior border of the
sacrum and S1 dorsal sacral foramina. The entry point
of S2-5 pedicle screws were located at the intersection
of the line connecting adjacent posterior sacral foramina
and median line of transverse process, with the cam-
ber angle of approximate 20°. The lateral mass screw
entry points of S2-5 were inside the intersection of me-
dian line of the transverse processes between adjacent
dorsal sacral foramina and lateral sacral crest, with the
inclination angle of approximate 20°. The entry points
of Co1-2 screw insertion lay at the midpoint between
Co1 and Co2. The distance between dorsal sacral fora-
mens represented pedicle width (Figure 3). The exit
point of pedicle screw was outside 1/3 of frontal me-
dian line of anterior sacral vertebrae.
Autopsy and CT 3D imaging measurement results
The angle and length of pedicle and lateral mass screw
trajectories in sacral vertebrae were measured. The
length was between 10-45 cm. The width was 10-20 cm.
The angle was approximate 20° (Tables 2, 3).
Biomechanical measurement results
The extraction force of sacral pedicle and lateral
mass screws took the shape of parabola (Figure 4). In
S1, no significant differences were found in biomechani-
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cal strength or maximal extraction force of pedicle and
lateral mass screws (P>0.05). In S2-4, the biomechani-
cal strength of pedicle screw was remarkably greater
than that of lateral mass screw (P<0.05). There were
no significant differences in biomechanical strength be-
tween Co1 and Co2 (P>0.05). Effective fixation was per-
formed in S5, Co1 and Co2 (Table 4). A total of 40 pedicle
screws and 30 lateral mass screws were placed in this
experimental group, of which, two screws were proved
by anatomy to penetrate into the inner cortex of sacral
canal (successful rate of more than 95%), without any
direct nervous injury present. Experimental data was
not available for certain screws which failed to be fixed
and tested due to local sacral bone destruction and
mutation. However, it would not affect final statistical
result. Meanwhile, age and sex in cadaver specimens
had direct influence on bone structural strength and greatly
affected the peak value of screw anti-extraction force.
Clinical application
The clinical data summarized in this study consist of
15 adult patients (12 males and 3 females), who under-
went sacrum and coccyx surgery due to bone fractures
between January 2004 and December 2009 (Figure 5),
the average age being 34.2 years and ranging between
22 and 67 years. The preoperative waiting time was 3
to 8 days, 5.26 days on average. Three patients re-
ceived blood transfusion during surgery. Statistical
analysis on 43 screws in 15 patients did not reveal any
complications such as blood vessel or rectal injuries,
displacement or unhealed fractures, screw loosening
or breaking. Screw penetration length (protruding ante-
rior sacral cortex) was 1 to 2 mm, but it did not affect
defecation, urination or sexual function and did not lead
to any rectal injuries and defecation or urination
disorders. Digital rectal examination was performed on
12 patients, where evident hard prominency was not
palpable and no nerve injuries occurred. Sacral nerve
injuries were not found in all cases. Two patients suf-
fered from pain resulting from coccyx fracture compli-
cated with haemorrhoids and the pain relieved when
haemorrhoids healed up. All patients were followed up
for 3 months. They were able to move around and take
care of themselves after 3 weeks, returned to normal
daily activity after 1.5 months,  had sex and take physi-
cal labor after 2.5 months, and got complete bone heal-
ing after 3 months. Four patients with incorrect screw
placement only developed screw penetration to the cor-
tex and no actual compression to nerve root was
reported. There were no nerve symptoms. All incorrect
screw placements occurred in S2, S3 and S4, with the
occurrence probability limited to 5%.
Table 1. General data of each group
Groups                 n        Male      Female      Age (years)      Han-race     Other-race      Aberrance     Abnormality    Trauma      Fracture      Others
CT                     60        31          29             45.52                56                4                   6                    3                28            21             11
Anatomical        15          9             6             43.81                12                3                   2                    2                —            —              —
Biomechanical    8          6             2             46.75                  8               —                  1                    1                 —            —              —
—: undetected.
Table 2. The measuring result of CT image (χ± s)
S1
S2
S3
S4
S5
Co1
 Co2
       —
       —
       —
       —
       —
 10.2±1.6
   9.6±1.8
                         Pedicle length       Pedicle angle     Pedicle width      Mass length      Mass angle      Coccyx length     Coccyx thickness
                                (mm)                      (°)                    (mm)                 (mm)                    (°)                       (mm)                    (mm)
     41.3±5.6
     31.7±3.4
     20.4±3.6
     10.7±2.7
       8.8±2.6
    —
    —
 22.6±5.4
 23.3±6.2
 23.7±5.2
 24.1±4.3
 23.1±5.3
—
—
 19.9±2.5
 10.2±1.9
 10.3±2.1
 10.2±1.8
 10.1±1.9
—
—
37.6±5.4
38.1±6.2
31.7±3.3
 11.4±2.3
       —
       —
       —
22.6±4.6
24.3±6.5
23.6±5.5
23.2±5.6
—
—
—
       —
  —
  —
  —
       —
 12.8±2.5
 10.4±1.7
—: undetected.
Location
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Figure 1. The section angle measurement on CT image. Figure 2. The pedicle and mass angle and length angle of the sacrum on CT
image. Figure 3. Posterior view of the pedicles and sacral canal of the sacrum on CT 3D image.
Figure 4. The biomechanical graph of 11 screws on the sacrum and coccyx of the first case.
Table 3. The measuring result of cadaver specimens (χ± s)
                          Pedicle length       Pedicle angle     Pedicle width      Mass length      Mass angle      Coccyx length     Coccyx thickness
                                (mm)                      (°)                    (mm)                 (mm)                    (°)                       (mm)                     (mm)
       —
       —
       —
       —
       —
10.6±2.4
10.4±2.8
S1
S2
S3
S4
S5
Co1
 Co2
42.4±6.5
33.2±4.2
22.4±3.8
11.3±3.1
  9.7±2.5
      —
      —
24.1±7.6
23.5±5.4
 23.2±4.3
23.2±5.6
22.7±6.5
      —
      —
16.9±4.6
12.1±2.7
 11.8±1.4
10.7±2.7
10.6±2.7
      —
      —
36.5±6.2
37.9±5.3
29.4±4.5
12.4±2.5
      —
      —
      —
 22.7±5.2
 23.1±6.7
 22.5±4.6
 23.3±5.3
       —
       —
       —
       —
       —
       —
       —
       —
15.8±3.7
 11.3±1.8
—: undetected.
Location
Figure 5. Sacrum and coccyx fracture treated by pedicle screw-plate fixation; A & B is preoperative CT images; C & D  is postperative
X-ray images.
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181.12
119.24
113.79
  41.95
140.08
103.62
101.43
  26.7
103.49
Table 4. The maximal extraction force of pedicle and lateral mass screws from S1 to S5, Co1 and Co2 (N)
                                   S1 
                                 S2 
                                 S3                                 S4  
                        S5           Co1           Co2
       1
       2
       3
       4
       5
       6
       7
       8
Average
t values
P values
403.3
617.02
  98.5
145.83
  62.36
468.2
250.78
180.94
278.37
  66.86
169.77
272.82
117.79
  87.15
  33.06
123.79
117.03
123.53
348.43
326.81
136.71
165.02
214.82
342.06
  76.15
197.72
225.97
  26.83
  92.35
  43.76
  29.44
  36.72
102.55
  51.02
107.09
  61.22
522.76
  84.66
    —
  68.52
  78.33
  52.21
191.87
150.96
164.19
  28.81
    —
  17.2
  41.64
  41.07
 76.24
    —
114.94
  53.32
234.06
155.99
     —
  64.23
  95.78
231.1
  54.58
125.61
137.34
  70.31
  56.43
  38.02
  38.35
  15.91
137.89
  35.82
  74.61
  58.42
102.1
  63.01
100.39
  77.4
  68.1
187.16
100.15
  31.82
  91.27
208.07
  26.64
  88.7
183.45
156.36
212.17
172.19
     —
149.65
R-pedicle  L-mass Middle
point
Specimens R-pedicle Middle
point
R-pedicle   L-mass R-pedicle   L-mass R-pedicle   L-mass
  2.0796
>0.05
  4.3138
<0.05
27.00
<0.05
  2.5589
<0.05
  1.479
>0.05
—: undetected
 DISCUSSION
The sacrum and coccyx lie in central axis between
the axial column and lower extremities in the human
body. It is a structure to connect the lumbar vertebrae
and the pelvis, a mechanical conduct hub as well as a
crucial component of the pelvis. Sacral and coccygeal
fractures account for 6% to 20% of pelvic fractures. An
intact sacrum and coccyx is of great significance to
restore normal human weight-bearing, walking,
defecation, urination and sexual functions. How to re-
store sacral and coccygeal injuries remains a challenge
for orthopedists. Researches on sacral and coccygeal
screw fixation have been mainly limited to S1 and S2,
whereas fixation technique to below S2 is seldom
reported.2
In human body, sacral anterior space is located be-
tween the sacrum and the rectum, with loose structure
and poorly developed venous plexus. The median artery
and vein pass through the front of the sacrum in the middle.
The iliac artery and vein and sacral plexus nerve are situ-
ated laterally to pelvic sacral foramina. The exit point of
sacral pedicle screw lies inside the distance connecting
medial border of the pelvic sacral foramen, right avoiding
vital blood vessels and nerves such as foramen nerve
route and artery and vein along the front of the sacrum. It
is considered to be safe if screw penetration length is
not over 2 mm because it will not cause injury to organs.
It is safer than lateral mass screw insertion. The latter
tends to damage the sacroiliac joint as well as vascular
and nerve plexus along the front of the sacrum. This study
found that the sacral canal, situated behind the sacrum,
was spacious, flat, with Y-shape in posterior and ante-
rior cross-section. It had thin lamina of vertebra and poorly
developed tuberoses, with nerve root canal and nerve-
foramen distributed in forked shape joining sacral canal.3
Based on above condition, it is crucial to determine
pedicle screw entry point because there is a relatively
long distance between the nerve root and the anterior
border of the vertebral body. Accurate screw entry point
secures safe pedicle screw fixation.
This study employed CT 3D reconstruction tech-
nique to redesign sacrum and coccyx model. Measure-
ments on entry points and entry angles for sacral pedicle
and lateral mass fixations and diameter were obtained.
Combined with anatomic findings, it showed that the
width of pelvic and dorsal sacral foramens and pedicles
were bilaterally symmetric and the dissection was rela-
tively fixed.4 The entry point of sacral pedicle located at
the intersection of the distance between dorsal sacral
foramens and median line of transverse process, rather
than lateral to intermediate sacral crest because sac-
ral articular process was almost impossible to be la-
beled as anatomic positioning mark due to remarkable
degeneration. The pedicle fused with dorsal sacral fo-
ramina and transverse process was taken as its evi-
dent feature and it was reliable for the distance between
dorsal sacral foramens to represent pedicle width. Screw
entry point for coccyx was located at the midpoint of
each coccyx. Both sacral pedicle and lateral mass, 10
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mm or over in diameter, were safely fixed by screws
less than 4 mm in diameter. Screw entry angle and
length should be based on CT measurements. The find-
ings revealed that the accuracy rate of pedicle screw
placement of cadaver specimens reached to 95%, which
proved the rationality and practicality of this design.5
Biomechanical measurement demonstrated that the
curve was parabola-shaped, with natural transition be-
fore and after the peak value, which met screw anti-
extraction force requirement. Certain amount of extrac-
tion force was required for screw loosening and pulling
out. However, screws were able to continue to be fixed
to some extent when getting loose. There were no sig-
nificant differences despite a big biomechanical strength
gap between S1 pedicle and lateral mass. The main
reason is that both are almost the same in diameter
and length so that both screws are able to penetrate
the opposite cortical bone; hence, it is reasonable to
be of no significant differences in that the extraction
forces of S1 pedicle and lateral mass are close to each
other. S1 pedicle and lateral mass are great in diameter,
where pedicle screws over 6 mm in diameter can be
introduced.6 There is no doubt that the anti-extraction
force from cancellous bone screw 3.5 mm in diameter
is much less than that from screws greater in diameter.
 In S2-4, the biomechanical strength of pedicle screw
is remarkably greater than that of lateral mass screw,
which reveals that inside the sacrum, pedicle screw
fixation is firmer than lateral mass screw fixation. Big
differences between the pedicle and lateral mass in
anatomy are responsible for the above situation. (1) The
pedicle, smaller in diameter, is made up of 5 surfaces
of cortical bones (including superior and inferior sacral
hiatuses bone walls, lateral wall of the vertebral canal
as well as anterior and posterior walls of the vertebral
pedicle); while lateral mass strength, great in width, is
mainly supported by anterior-posterior cortical bone and
has weak holding force. (2) S2-3 lateral mass is great in
thickness, which makes screw impossible to pass
through bilateral cortex. Lateral cortical bone and big
depth fail to surpass the mechanical strength from the
vertebral pedicle. (3) Biomechanical conduction of sac-
ral body is mainly carried on lateral mass via the verte-
bral body and pedicle, and then carried on bilateral ilium.
The lateral mass has spacious joint surface, therefore
physiological stress to pedicle is far greater than to
lateral mass. Strength of the vertebral body and pedicle
is greater than that of lateral mass due to compact. (4)
The force arm of pedicle screw is much shorter than
that of latter mass screw to maintain sacrum stablity.
Fixed resistance arm in lateral mass fixation is long
enough to reduce fixation effects. Therefore, pedicle
screw fixation has a stronger mechanical foundation
compared with lateral mass. On the principle of
mechanics, both pedicle and lateral mass should pen-
etrate no more than 2 mm to the anterior cortex for
bilateral cortex fixation to increase the holding force
and secure a safe and firm fixation.7
Anti-extraction force of S5 pedicle screw is 91.27 N on
average in this study, which meets internal fixation
requirement. Co1 and Co2 screws are inserted in the
midpoint of each coccyx, with mean biomechanical
strength over 100 N. Mechanical strength of S1 is big-
ger than that of S2, but no significant differences were
found between them.
In this series, biomechanical measurement found
big differences between certain vertebrae and certain
specimens, which even made us doubtful about the fixa-
tion effects. We believe that there are many factors
that may influence the biomechanical strength: (1) the
length, thickness and hardness of sclerotin; (2) diam-
eter and length of screw; (3) degree of osteoporosis in
cadaver specimen; (4) age and sex of cadaver
specimen; (5) conservation time of cadaver bone. The
screw biomechanical measurements in this study are
relatively low, but enhanced fixation effects can be ob-
tained by introducing cancellous bone screws with great
diameter as well as screws customized for sacrum and
coccyx fixation.
The application of sacral pedicle screw technique
greatly facilitates clinical fixation procedures and re-
duces trauma-induced bleeding. Bilateral pedicle and
lateral mass screw placements can be combined to
secure a reliable anchor point for endosacral fixation
as required, to maintain normal shape and anatomic
structure of the sacrum and coccyx, to avoid unneces-
sary fixation to the sacroiliac joint and to provide reli-
able fixation evidence for pelvic plasty, sacral fractures
as well as the reconstruction, reduction and fixation of
coccyx fractures.8 Four cases of incorrect screw place-
ment occurred in clinical practice, where screws were
placed close to nerve root but it did not lead to nerve
root injuries because common penetration into cortical
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bone would not cause injury unless the screw reaches
the sacral canal. Therefore, great importance should
be attached to that the inclination angle of the pedicle
cannot be too big or the screw tends to penetrate into
the sacral canal to result in nerve injuries.6 Main rea-
sons for the incorrect screw placement lie in unskilled
fixed screw placement resulting from orientation of
gimlet, especially changed angle of insertion in screw
placement during surgery. Correct screw insertion can
be secured by accurate cadaver measurements, con-
trolled angle and length of gimlet during operation, the
knowledge of lumbar screw placement and introducing
pedicle probe and depth finder for stable axis in screw
insertion. Such error never occurs by navigation
techniques.
This study employed computerized 3D imaging
techniques, autopsy and clinical experience to initially
determine the entry point, angle and relevant data of
pedicle and lateral mass to provide reliable evidence for
sacral and coccygeal fractures, sacroiliac dislocation,
spondylolisthesis and lumbar fusion. This study is useful
for raising the accuracy rate of pedicle screw place-
ment and achievement ratio of fracture fusions, reduce
surgical risks and increasing therapeutic effects.
Based on big differences between the different races
and sexes, relevant data are expected to be added in
future large sample study. We expect breakthroughs
and innovations in fields of anatomical designed screws
and plates specially for sacral fixation and orientable
screw control technique.
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